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(71) We, RCA Corporation, a corpor- 
ation organised under the laws of the State 
of Delaware, United States of America, of 
30 Rockefeller Plaza, City and State of New 
York, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement: — 

This invention relates to improved methods 
of fabricating crystalline semiconductive layers, 
and more particularly to improved methods of 
depositing epitaxial layers of crystalline sili- 
con on substrates. 

Epitaxial layers of semiconductors such as 
silicon have been deposited on substrates by 
forming a halogen compound of the semicon- 
ductor; passing vapors of the compound over 
the substrate; and admixing hydrogen into 
the vapors to reduce the halogen compound 
and deposit a layer of the semiconductor on 
the substrate. Epitaxial silicon layers have 
also been deposited on a substrate by heating 
the substrate in an ambient consisting of a 
mixture of silane and hydrogen. For details 
of prior art methods of depositing epitaxial 
layers of semicon ductiv e materials, see for 
example RCA REVIEW, December 1963, pp. 
473 — 595. While satisfactory epitaxial layers 
have been deposited by these methods, im- 
provement is desirable in such respects as in- 
creasing the speed of the deposition process, 
and improving the crystal quality or lattice 
perfection of the deposited silicon. 

According to the invention there is pro- 
vided a method of depositing an epitaxial sili- 
con layer on at least one comprising position- 
ing each said substrate on a heating element 
in a reaction chamber, the substrate surface to 
be deposited being uppermost and flowing a 
mixture of silane and an inert gas through 
said chamber while heating said substrate by 
means of said heating element, and shielding 
the upstream surface of said heating element 
and the upstream surface of said substrate from 
contact with said flowing mixture so that pre- 



heating of said mixture prior to contact of 
said mixture with said substrate surface to be 
deposited is minimized. The mixture may in- 
clude a gaseous substance which is a conduc- 
tivity modifier in silicon. Turbulence in the 
flow of the mixture is minimized. 
In the accompanying drawing: 

The single figure is a cross-sectional view 
of apparatus useful in the practice of the in- 
vention. 

Referring now to the drawing, suitable appa- 
ratus 10 for the practice of the invention com- 
prises a refractory furnace tube 11. The fur- 
nace tube 11, which may for example consist 
of fused quartz, includes a reaction chamber 
12 having at one end an inlet 13. The cross- 
sectional area of the inlet 13 is less than that 
of die reaction chamber 12, but the upper 
surfaces of die inlet 13 and the reaction cham- 
ber 12 are coplanar and continuous. The appa- 
ratus 10 is provided with a gas entry 14 at 
one end of the inlet 13. A gas outlet 15 is 
provided at one end of the reaction chamber 
12. The apparatus 10 includes a water jacket 
16 which surrounds the adjoining portions, of 
the reaction chamber 12 and the inlet 13. An 
RF heating coil 17 is provided around that 
portion only of the water jacket 16 which is 
adjacent the reaction chamber 12. 

Inside the reaction chamber 12, a susceptor 
18 which serves as the heating element is posi- 
tioned at that end of the chamber 12 to which 
the inlet 13 is joined. Since the - cross-sec- 
tional area of the inlet 13 is less than that 
of the chamber 12, while the upper surfaces 
of the chamber 12 and the inlet IS are con- 
tinuous, there is a vertical wall 19 in the re- 
action chamber 12 where the chamber 12 
joins the inlet 13. The susceptor 18, which 
•suitably consists of a graphite block coated 
witn a layer of silicon carbide, is positioned 
immediately adjacent wall 19 so that the 
upper surface of the susceptor 18 is substanti- 
ally parallel to and coplanar with the lower 
surface of the inlet 13. The substrate or sub- 
strates 20 on wnich the silicon layer is to be 
deposited are positioned on the upper surface 
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of the susceptor 18. In practice, it is more 
economical to deposite a silicon layer on a 
plurality of substrates 20 during each run. 
Since the substrates 20 utilized are generally 
5 less than 1 mm thick, the substrate surface 
on which deposition takes place is substanti- 
ally coplanar with the lower surface of inlet 
13. 

A mixture of silane and an inert gas may 

10 be passed through the apparatus 10 in the 
direction shown by the arrows from the gas 
entry 14 to the gas outlet 15. As the gas 
stream enters the reaction chamber 12 via 
the inlet 13, it is cooled by the water jacket 

15 16 until the moment that the stream enters 
the reaction chamber 12. Moreover, the gas 
stream entering the reaction chamber 12 has 
been passing through an inlet 13 of constant 
cross-section as the gas stream passes over 

20 the heated substrates 20. Furthermore, the 
substrate surface on which deposition takes 
place is close to and substantially coplanar 
with the lower surface of the inlet 13. As a 
result, turbulence in the gas stream passing 

25 over the substrates 20 is minimized. While 
the heating element 18 in this apparatus is 
an RF susceptor, it will be understood that 
other heating elements, such as an electrical 
resistance heater, may be utilized. 

30 Example I 

A variety of substrates may be utilized m 
the practice of the invention, and the precise 
size, shape and composition of the substrates 
utilized is not critical. However, monocrystal- 

35 line substrates are preferred when it is de- 
sired that the deposited silicon layer should 
be monocrvstalline. In this example, the sub- 
strates utilized consist of synthetic monocrys- 
talline aliimina. Clear water-white varieties of 

40 this material are commercially available, and 
are known as sapphire. The sapphire sub- 
strates are suitably in the form of discs about 
0.25 mm thick and 19 mm in diameter. Ad- 
vantageously, the sapphire discs have been 

45 cut so that the major faces of the discs are 
at a 60° angle to the C axis of. the sapphire 
crystalline lattice. Each sapphire substrate is 
polished smooth on one major face, and then 
degreased. Suitably, the sapphire disc is 

50 cleaned with ultrasonic energy in an organic 
solvent such as chloroform. % 

Referring now to the drawing, one or more 
substrates 20 are positioned on a heating ele- 
ment, such as the susceptor 18, in the reaction 

55 chamber 12 close to the vertical wall 19. In 
this example, a plurality of sapphire discs. 20 
are positioned on the susceptor 18 with the 
polished surface of each sapphire disc upper- 
most, and coplanar with the lower surface of 

60 the inlet 13, as described above. The appara- 
tus 10 may be purged by a stream of palla- 
dium-diffused hydrogen. The substrates 20 
are now preheated in an inert gas such as 
helium, neon, argon or nitrogen, to bring 



them up to temperature. In this example, the 65 
sapphire substrates 20 are preheated in a 
stream of helium at a temperature of about 

950°C. *_ 1* - 

Next, a mixture of silane and helium is 
passed through the apparatus 10 in the direc- 70 
tion shown by the arrows with minimum tur- 
bulence in the gas flow. The amount of silane 
in the mixture is kept below 3 volume percent, 
and is preferably about 0.1 to 0.2 volume per- 
cent. The flow rate of the rmxture may be 75 
varied to vary the deposition rate of the sili- 
con layer on the substrates. In this example, 
the flow rate of the silane-helium mixture is 
10 liters per minute. Under these conditions, 
the deposition rate of the silicon layer epitaxi- 80 
ally deposited on the substrates is about 0.1 
to 0.2 microns per minute. Deposition is con- 
tinued for about 10 to 20 minutes, so that 
the total thickness of the epitaxial silicon layer 
deposited on each substrate is about 1 to 2 85 
microns. 

The silicon layer thus deposited on a sap- 
phire substrate has been found to be mono- 
crystalline, and of good quality. Moreover, 
little autodoping of the substrate by the alu- 90 
minum. atoms present in the sapphire sub- 
strates can occur because of the relatively low 
temperature of the deposition. The epitaxial 
monocrystalline layers thus deposited can be 
utilized to fabricate arrays of insulated-gate 95 
field-effect transistors, and other types of PN 
junction devices. For details, see for example 
P. H. Robinson and C. W. Mueller, TRAN- 
SACTIONS OF THE METALLURGICAL 
SOCIETY OF AIME, 236, pp. 265—274, 100 
March 1966. 

A feature of this method of depositing 
layers on a substrate is that the heating ele- 
ment itself, and that surface of the substrate 
which faces upstream to the gas flow, is 105 
shielded from the gas fiow^ by the wall 19. 
Hence, the premature heating of the mole- 
cules of the flowing gas, which occurs in prior 
art methods by contact of the gas with the 
heating element or with the upstream facing 110 
of the surface prior to contact of these gas 
molecules with the substrate surface on which 
deposition of the silicon layers is desired, is 
prevented, or is at least nunimized. Such pre- 
mature heating of the gas flow is undesirable 115 
because some of the silane molecules in the 
gas decompose, forming hydrogen and ele- 
mental silicon. The silicon thus formed can- 
not be a gas or vapor at these low tempera- 
tures, and hence becomes a cloud of solid 120 
particles. Some of these silicon particles de- 
posit on the walls of the apparatus, where 
they are not desired. Those silicon particles 
which do deposit like dust on the desired 
surface of the substrate become part of the. 125 
epitaxial layer, but the perfection of the epi- 
taxial crystal lattice is thereby adversely 
affected, since the epitaxial layer becomes, as 
it were, an aggregate of particles, instead of 
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the desired highly regular lattice. In contrast, 
in the method of this invention, the silane in 
the gas flow is decomposed predominantly in 
contact with the desired surface of the sub- 

5 strate, and hence the epitaxial silicon layer 
on the desired surface of the substrate is de- 
posited r molecule by molecule to form a crys- 
tal lattice of high quality. The avoidance of 
premature heating of the gas stream prior to 

10 the deposition of the silicon layer helps to 
avoid premature decomposition of the silane 
and the formation of silicon dust. 

Example II 
In the previous example, a pure mixture of 

15 silane and an inert gas was utilized for the 
deposition of an epitaxial silicon layer on a 
sapphire substrate. The silicon layers deposited 
in this manner are generally of high resistivity, 
' and are usually of P type conductivity. Alter- 

20 natively, low resistivity silicon layers of either 
P type or N type conductivity may be de- 
posited on a crystalline substrate by the addi- 
tion to the silane mixture of a gaseous sub- 
stance which is capable of acting as a conduc- 

25 tivity modifier in silicon. The gaseous con- 
ductivity modifier may consist of arsine or 
phosphine when N type silicon layers are 
desired, and may for example consist of di- 
borane when P type silicon layers are desired. 

30 The amount of the gaseous conductivity modi- 
fier utilized is quite small, and is suitably 

; about 50 to 100 parts per million of the 
silane and inert gas mixture. 
In this example, sapphire substrates 20 are 

35 prepared and positioned on a heating element 
such as the susceptor 18, as described in Ex- 
ample I above. The apparatus 10 is purged 
by a flow of pure hydrogen. Next, the sapphire 
substrates 20 are heated in a flow of pure 

40 helium to a temperature of about 950°C. 
Then the flow of gas through the apparatus is 
changed to a mixture consisting principally 
of helium, but containing 0.1 .volume percent 
silane and 100 parts per million of arsine. 

45 Under these conditions, an N type epitaxial 
layer of monocrystalline silicon is deposited 
on each sapphire substrate. The mobility of 
majority charge carriers in an N type silicon' 
layer deposited as described has been found 

50 to be about 500 to 600 cm 2 per volt sec. 

By substituting diborane for the arsine, P 
type silicon layers can be similarly deposited 
on a substrate. The resistivity of the deposited 
silicon layers can be varied over a range of 

55 3 orders of magnitude, for example from about 
.008 ohm-cm to about 20 ohm-cm, by varying 
the concentration of the gaseous conductivity 
modifier in the silane mixture. 



Example III 
60 In the two previous examples, the substrate 
consisted of sapphire, and the inert gas util- 
ized was helium. In the present example, the 



substrate consists of crystalline spinel, and 
the inert gas is argon. 

The spinel utilized may consist of mono- 65 
crystalline stoichiometric magnesium alumin- 
ate. Commercial crystalline spinels which are 
non-stoichiometric due to an excess of alu- 
mina may also be utilized. The spinel sub- 
strates are prepared, polished, and degreased 70 
as described in Example I above, and are 
then similarly positioned on the susceptor 18 
with the polished surface of each substrate 20 
uppermost. The spinel substrates are then 
heated in an ambient of flowing argon at a 75 
temperature of about 900°C. A gaseous mix- 
ture of argon and about 0.2 volume percent 
silane is then passed through the apparatus 
10 in the direction indicated by the arrows, 
and passes over the spinel substrates 20 in 80 
such a manner that preheating of the silane 
and turbulence in the gas flow is minimized. 
Utilizing a flow rate for the argon-silane mix- 
ture of about 10 liters per minute, the depo- 
sition rate of the silicon layer on the spinel 85 
substrates is about 0.1 to 0.2 microns per 
minute. After an epitaxial silicon layer of 
the desired thickness has thus been deposited 
on the substrates, usually from 1 to 2 microns 
thick, the substrates are cooled to room tern- 90 
perature in an inert ambient. The silicon 
layer thus deposited on the spinel may be 
fabricated into semiconductor devices in the 
same manner mentioned above as the silicon 
layers deposited on sapphire. 95 

In the same manner previously described 
in connection with sapphire substrates, the 
epitaxial crystalline silicon layers deposited 
on spinel substrates may be made N type by 
the addition of about 50 to 100 parts per 100 
million of arsine or phosphine to the argon- 
silane mixture. Alternatively, the silicon layers . 
may be made P type by the addition of about 
50 to 100 parts per million of diborane to the 
argon-silane mixture. 105 

Example IV 
In the previous examples, the substrate util- 
' ized was an insulator. In the present example, 
the substrate utilized is monocrystalline sili- 
con. The precise size, shape and conductivity 110 
of the silicon substrate is not critical. Suit- 
ably, the silicon substrate may be a thin slice 
of a monocrystalline ingot In this example, 
the silicon substrate is a disc about 30 mm in 
diameter, about 0.1 mm thick, of N type con- 115 
ductivity, and low resistivity. The silicon disc 
is preferably cut so that the major faces of 
the disc are substantially parallel to the [111] 
crystal plane of the silicon lattice. Preferably, 
the major faces of each silicon disc or slice 120 
are lapped and polished, so that they are 
smooth and flat. 

One or more such silicon substrates 20 are 
then positioned on the heating element, which 
may be a susceptor block 18 as described in 125 
Example I above. The substrates are then 
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heated in a flow of pure palladium-diffused 
hydrogen at a temperature of about 1200°C 
for about 15 minutes. Any film of silicon 
oxide or other impurity on the surface of the 

5 substrates 20 is thus removed. 

The temperature is then dropped to 800°C 
by reducing the supply of electrical power to 
the RF heater 16. A mixture consisting of an 
inert gas, about 0.01 to 0.2 volume percent 

10 silane, and about 50 parts per million phos- 
phine, is passed through the apparatus 10 in 
the direction shown by the arrows. The mix- 
ture flows over the silicon substrates 20 in 
the manner described above, so that turbu- 

15 lence in the flow is minimized. With a flow 
rate of about 20 liters per minute, and a mix- 
ture containing about 0.2 volume percent 
silane, a growth rate as high as 0.5 microns 
per minute was obtained at a temperature as 

20 low as 800°C An N type epitaxial layer of 
monocrystalline silicon is thus deposited on 
each silicon substrate. Suitably, the silicon 
layer is about 5 microns thick. The subsequent 
utilization of such epitaxial silicon layers for 

25 the fabrication of semiconductor devices is 
well known to the art. See for example Mayer 
et al U.S. Patent 3,177,100, issued April 6, 
1965. . . . 

In prior art methods, epitaxial silicon layers 

30 are deposited on silicon substrates at tempera- 
tures of at least 1000°C Since the diffusion 
of conductivity modifiers into silicon practic- 
ally ceases at temperatures below 1000°C, it 
follows that when epitaxial silicon layers are 

35 deposited on silicon wafers at temperatures 
as low as 800°C, then autodoping of the epi- 
taxial layer by the substrate is nrinimized. 
Moreover, any PN junctions or impurity con- 
centration profiles present in the silicon sub- 

40 strate will not be altered or disturbed by pro- 
cess steps conducted at temperatures as low 
as 800°C. For example, a first epitaxial layer 
of N type monocrystalline silicon can be de- 
posited on a silicon substrate as described 

45 above. Then the mixture flowing through the 
apparatus can be changed to a mixture con- 
sisting 'of an inert gas, about 0.2 volume per- 
cent silane, and about 50 to 100 parts per 



million diborane, A second and P type epi- 
taxial silicon layer will thus be deposited on 
the first and N type epitaxial layer. However, 
because the temperatures utilized are as low 
as 800°C, the PN junction between the two 
epitaxial layers will be unusually abrupt. Such 
abrupt junctions are desirable for certain types 
of semiconductor devices. 

WHAT WE CLAIM IS: — . 

1. The method of depositing an epitaxial 
silicon layer on at least one substrate com- 
prising positioning each said substrate on a 
heating element in a reaction chamber, the 
substrate surface to be deposited being upper- 
most and flowing a mixture of silane and an 
inert gas through said chamber while heating 
said substrate by means of said heating ele- 
ment, and shielding the upstream surface of 
said heating element and the upstream sur- 
face of said substrate from contact with said 
flowing mixture so that preheating of said 
mixture prior to contact of said mixture with 
said substrate surface to be deposited is mini- 
mized. . 

2. The method as claimed in claim 1, where- 
in said mixture of silane and an inert gas con- 
tains a gaseous substance capable of acting 
as a conductivity modifier in silicon. 

3. The method as claimed in claim 1, where- 
in said mixture passes into said reaction 
chamber through an inlet of uniform cross- 
section, said inlet cross-section being less than 
the cross-section of said reaction chamber, 
said substrate surface to be deposited being 
substantially coplanar with the lower surface 
of said inlet, so that said mixture passes over 
said substrate surface to be deposited with a 
minimum of turbulence in the flow. 

4. The method of depositing an epitaxial 
silicon layer on a substrate substantially as 
described with reference to the single figure 
of the drawing. 

For the Applicants 
MATTHEWS, HADDAN & CO., 
Chartered Patent Agents, 
31—32, Bedford Street, London, W.C.2. 



50 



55 



60 



65 



70 



75 



80 



85 



90 



Printed for Her Majesty's Stationery Office, by the Courier Press, 
PuSd by the Patent Office. 25 Southampton BuUmn, London, WC2A 1AY, from 
which copies may be obtained. 



1231993 COMPLETE SPECIFICATION 
1 SMPPT Th,J »* a reproduction of 



JUL 



